Introduction {#S0001}
============

The World Health Organization (WHO) estimates that approximately 320,000 people die due to drowning every year.[@CIT0001] Cardiac arrest due to drowning is associated with severe hypoxia, which is the single most important determinant of survival and neurological outcome.[@CIT0002],[@CIT0003] Effective ventilations should, therefore, be initiated as soon as possible to reverse hypoxia and improve survival. Accordingly, the European Resuscitation Council (ERC) guidelines for resuscitation in drowning emphasise the importance of ventilation by recommending five initial rescue breaths.[@CIT0003]

When drowning incidents occur, first responders are often surf lifeguards trained to perform cardiopulmonary resuscitation (CPR).[@CIT0004] The International Lifesaving Federation (ILS) recommends the use of mouth-to-pocket-mask ventilation.[@CIT0004] During advanced life support, tracheal intubation and other airway interventions may be used. However, tracheal intubation should only be attempted by persons trained, competent, and experienced in this skill.[@CIT0005] In the absence of tracheal intubation skills, a supraglottic airway (SGA) may be an alternative airway method. SGAs are easier and safer to insert compared with a tracheal tube.[@CIT0005] Simulation studies on surf lifeguards indicate that the quality of resuscitation is directly related to the equipment used.[@CIT0006],[@CIT0007] Potential advantages of using SGA compared with mask ventilation may be shorter interruptions in chest compressions and reduced risk of gastric regurgitation.[@CIT0008]--[@CIT0010]

In Denmark, SGAs are used by nurse anesthetists independently of physician anesthesiologists as a standard airway management device during anesthesia. In this setting, nurse anesthetists' use of SGAs is considered as gold standard. We have previously shown that surf lifeguards, who are often non-healthcare providers, can use SGAs successfully in a manikin.[@CIT0011] However, no comparison with experienced clinicians has been undertaken. The aim of this study was to compare the use of a SGA by surf lifeguards and experienced nurse anesthetists in a comparable setting.

Materials and Methods {#S0002}
=====================

Study Design {#S0002-S2001}
------------

This was an observational simulation study. Surf lifeguards from two Danish open water lifeguard services were recruited. All surf lifeguards had undergone standardized surf lifeguard training in accordance with national standards in Denmark, including training in CPR and ventilation with a pocket mask. All surf lifeguards were in active service. Nurse anesthetists were recruited from the Department of Anesthesiology at Randers Regional Hospital, Denmark. The hospital has a catchment area of approximately 230,000 inhabitants and annually around 16,000 surgeries and 16,000 endoscopies are performed.[@CIT0012] According to Danish law, an ethical review committee approval was not required for this study. Study participation was voluntary. Oral and written consent were obtained from all participants.

Surf lifeguards and nurse anesthetists were asked to insert a SGA in a resuscitation manikin and perform ventilations. Prior to testing, surf lifeguards completed a 20-min training session to obtain knowledge and practice of using a SGA in a resuscitation manikin. Surf lifeguards were tested after the training session. The nurse anesthetists were all using SGAs on a daily basis in clinical practice. All nurse anesthetists familiarized themselves with the study equipment, i.e. inserted the SGA and ventilated the manikin immediately before the test.

Simulation and Data Collection {#S0002-S2002}
------------------------------

Participants inserted a SGA (i-gel O~2~, size 4, Intersurgical^®^ Ltd, Wokingham, UK) in an adult-sized resuscitation manikin (Ambu^®^ Cardiac Care Trainer, Ambu, Ballerup, Denmark), and performed ventilations with a ventilation bag (The BAG II Resuscitator Adult, Laerdal, Stavanger, Norway). The i-gel is a SGA designed for use during anesthesia. It has a cuff made of a soft gel-like material, which does not require inflation, and it is designed to fit the anatomy of the larynx.[@CIT0013] During the test, application of lubricant gel on the SGA was simulated as the manikin's airway was lubricated prior to testing according to manikin manufacturer instructions.

To reflect the clinical use of SGAs in the two groups, surf lifeguards were asked to insert the SGA in a manikin placed on the floor as part of the airway management during resuscitation with 30:2 chest compressions and ventilations ratio according to ERC guidelines.[@CIT0003] Nurse anesthetists were asked to insert the SGA and perform five ventilations with the manikin placed on a bed similar to the setting in an operating theatre.

The manikin used for testing was connected to a laptop with Ambu^®^ CPR Software (Ambu) to collect ventilation quality data. All tests were undertaken by a researcher to ensure that the test protocol was followed. All tests were video recorded for subsequent analysis.

Questionnaires were distributed to surf lifeguards and nurse anesthetists. Demographic data on age, sex, education, and experience were collected. In addition, surf lifeguards were asked to rate their skills in using the SGA on a 5-point Likert scale with the response options "totally agree," "predominantly agree," "neither agree nor disagree," "predominantly disagree", and "totally disagree." Surf lifeguards also rated the user-friendliness of the SGA on a 10-point scale. After the test, all nurse anesthetists were asked if they knew the ERC guidelines for tidal volume (i.e. 0.5--0.6 L, all values within the range were accepted as correct), and the number of ventilations per minute during continuous chest compressions (10 ventilations per minute). Nurse anesthetists were asked to state which SGA device they preferred to use of three different SGAs (i-gel O~2~ (Intersurgical^®^ Ltd), Portex^®^ Soft Seal^®^ Laryngeal Mask (Smiths Medical International Ltd, Ashford, UK) and Ambu^®^ AuraOnce (Ambu)). Furthermore, nurse anesthetists were asked to evaluate the insertion of the SGA in the manikin compared with their experiences with real patients.

Data Analysis and Outcome Measures {#S0002-S2003}
----------------------------------

The first six ventilations were analyzed for surf lifeguards as ventilations were performed during a 30:2 chest compressions and ventilation CPR sequence. For nurse anesthetists, continuous ventilations were performed and all five ventilations were analyzed. Data on tidal volume were collected from the manikin, and correct tidal volume was defined as 0.5--0.6 L as recommended by the ERC.[@CIT0014] Data on time to first ventilation and ventilations with visible manikin chest rise were assessed and collected from video recordings by two independent assessors. In case of discrepancies in assessment, videos were jointly reassessed until consensus was reached. Time to first ventilation was defined as the time from the start of unpacking the SGA to the initiation of ventilation. The initiation of ventilation was determined as the beginning of compression of the resuscitation bag connected to the SGA. The outcome measures were time to first ventilation, tidal volume, proportion of ventilations with visible manikin chest rise, and proportion of ventilations with recommended tidal volume.

Statistical Analysis {#S0002-S2004}
--------------------

Data were analyzed for normality using histograms, QQ-plots, and Shapiro--Wilks test. Variances were tested using a standard deviation test. Normally distributed data are reported as mean (standard deviation (SD)), non-normally distributed data are reported as median (Q1--Q3), and categorical data are reported as number (n) and percentage (%). Time to first ventilation was compared using the Wilcoxon rank-sum test and tidal volumes were compared with unequal variance *t*-test. The proportions of ventilations with visible manikin chest rise and ventilations with recommended tidal volume were compared using Fisher's exact test. A value of *p*\<0.05 was considered statistically significant. The study was based on a convenience sample and no sample size calculation was performed.

Results {#S0003}
=======

In total, 30 surf lifeguards and 30 nurse anesthetists were included in the present study. We contacted the Chief Surf Lifeguards of the two lifeguard services and the Head Anesthetist Nurse before recruiting surf lifeguards and nurse anesthetists in service, of whom all approached accepted the invitation to participate in the study. Demographics are shown in [Table 1](#T0001){ref-type="table"}.Table 1Characteristics of the Surf Lifeguards and Nurse Anesthetists Included in the Study. Data are Presented as Median (Q1--Q3) or Number (Percentage)Surf Lifeguards (n = 30)Nurse Anesthetists (n = 30)Age, years24 (21--27)43 (39--52)Sex, male21 (70)5 (17)Highest education completed State school5 (17)-- High school7 (23)-- Vocational school3 (10)-- Short higher education (\<2 years)1 (3)-- Medium higher education (2--4 years)8 (27)30 (100) Long higher education (\>4 years)6 (20)-- Nurse anesthetist--28 (93)^a^ Intensive care nurse--6 (20)Healthcare professional3 (10)^b^30 (100)Experience, years Surf lifeguard seasons3 (1--6)-- General nurse--17 (12--27) Nurse anesthetist^c^--7 (2--17) Intensive care nurse^d^--23 (16--31)[^1]

The median (Q1--Q3) time to first ventilation was 20 s(15--22) for surf lifeguards and 17 s (15--21) for nurse anesthetists (*p*=0.31) ([Figure 1A](#F0001){ref-type="fig"}). The mean (SD) tidal volume was 0.55 L (0.21 L) for surf lifeguards and 0.31 L (0.10 L) for nurse anesthetists (diff. 0.24 L, 95% CI: 0.15--0.32 L, *p*\<0.0001) ([Figure 1B](#F0001){ref-type="fig"}).Figure 1Ventilations. (**A**) Time to first ventilation. Each dot represents a participant's time to first ventilation. Data are median time to first ventilation with first and third quartile. Data on one surf lifeguard are missing. (**B**) Tidal volume. Each dot represents a participant's mean tidal volume. Data are mean tidal volume with standard deviations. The gra﻿y area marks the recommended tidal volume by the ERC (0.5--0.6 L).

Surf lifeguards and nurse anesthetists delivered 100% and 95% ventilations with visible manikin chest rise (*p*=0.004) and 19% and 5% ventilations within recommended tidal volume (*p*\<0.0001)﻿, respectively.

Surf lifeguards rated their own skills using the SGA on a 5-point Likert scale. These results are presented in [Table 2](#T0002){ref-type="table"}. The surf lifeguards rated the SGA 9 (8--10) in user-friendliness on a scale of 1--10, with 10 being most user-friendly.Table 2Surf Lifeguard Rating of Own Skills Using the SGA. Data are Presented as Number (Percentage)"I Can Insert the SGA" (n = 30)^a^"I Can Ventilate Effectively with the SGA" (n = 30)^a^Totally agree24 (83)21 (72)Predominantly agree5 (17)8 (28)Neither agree nor disagree----Predominantly disagree----Totally disagree----[^2]

Overall, 80% (n=24) of the nurse anesthetists stated that they knew the ERC guidelines. Of these, 83% (n=20) stated the correct recommended tidal volume and 32% (n=7) (missing data: 2 nurse anesthetists) stated the correct number of ventilations per minute during continuous chest compressions. Of the three SGAs, 53% (n=16) preferred i-gel, while 40% (n=12) preferred AuraOnce and 7% (n=2) preferred Soft Seal. The majority of the nurse anesthetists (57%, n=17) stated that they thought it was easier to ventilate a manikin compared with an actual patient, while 33% (n=10) stated no difference, and 10% (n=3) stated it was easier to ventilate a patient.

Discussion {#S0004}
==========

In a simulated setting, there was no significant difference between surf lifeguards and experienced nurse anesthetists in time to first ventilation when using a SGA. Surf lifeguards delivered a higher tidal volume, and a higher proportion of ventilations within the recommended tidal volume compared with experienced nurse anesthetists. Generally, ventilations caused visible manikin chest rise for both groups.

The mean time to first ventilation in the present study is comparable to previous findings showing time to ventilation of 15.6 s for Danish surf lifeguards using a SGA (i-gel).[@CIT0011] Other studies on health-care professionals using a SGA (i-gel) in a manikin reporting faster time to first ventilation have used different definitions of time to first ventilation. Two studies on health-care professionals reported mean time to first ventilation of 6.6 s and 11.3 s,[@CIT0015],[@CIT0016] defined as the time from insertion of the SGA (i-gel) between the teeth until the device was placed above the glottis. Another study on nurse anesthetists' use of a SGA (i-gel, size 1.5) in a child manikin reported a median (range) time to first ventilation of 6.0 s (3.6--10.0 s), defined as the time from picking up the SGA to inflation of the lungs.[@CIT0017] The nurses in previous studies may not have unpacked the SGA and applied lubricant gel on the SGA. These differences may explain why the present study resulted in longer time to first ventilation.

We found that the tidal volumes delivered by surf lifeguards are similar compared with findings from a previous study that found a mean tidal volume of 0.5 L.[@CIT0011] As nurse anesthetists are experienced in airway management, one may expect them to perform better than surf lifeguards, contrary to our results. In the present study, only a small number of surf lifeguards and nurse anesthetists delivered a tidal volume within the recommendations.[@CIT0014] The surf lifeguards delivered a higher tidal volume than the nurse anesthetists but with a much larger variation. A vast majority of the nurse anesthetists knew the recommended tidal volume, indicating their low tidal volumes were not due to a lack of knowledge. Possibly, the low tidal volumes could be due to leakage of air. However, it was not possible to measure the leakage in our study. It is possible that there was leakage of air in the manikin, which might be more pronounced compared with real patients.

Both surf lifeguards and nurse anesthetists are trained to assess the effectiveness of ventilations by chest rise. Our results show that both groups mostly delivered ventilations with visible manikin chest rise. Visible manikin chest rise was subjectively assessed by two independent assessors based on video recordings. As they were two assessors, who evaluated the videos independently using identical evaluation criteria for both surf lifeguards and nurse anesthetists, we do not believe this has had any impact on the results. The difference between surf lifeguards and nurse anesthetists regarding the proportion of ventilations with visible manikin chest rise may be due to the difference in tidal volume, but also nurse anesthetists being more aware of the risk of hyperinflation of the lungs and gastric inflation caused by higher tidal volumes during manual ventilation.[@CIT0018] To avoid these complications, experienced nurse anesthetists likely have an almost automated muscle response when delivering manual ventilation, ensuring a constant flow and tidal volume. In comparison, surf lifeguards are inexperienced in ventilating patients and are more likely to deliver an uneven flow and a larger variation in tidal volume, as shown. Overall, this may explain why nurse anesthetists delivered smaller tidal volumes compared with surf lifeguards.

Future resuscitation training should focus on practical training in the delivery of recommended tidal volume, flow, and rate of ventilation to ensure optimal resuscitation.

I-gel was chosen for this study because it has been reported to be the preferred SGA among surf lifeguards.[@CIT0011] Therefore, it was interesting to find out which SGA was preferred among nurse anesthetists. In the present study, it was found that nurse anesthetists preferred i-gel over other SGAs. A previous study found that medical students inexperienced in airway management also preferred i-gel to other SGAs due to its ease of use.[@CIT0010],[@CIT0011] This indicates that the choice of SGA in specific settings must be evaluated to meet the resources, the skills of the provider, and the need for the given purpose.

The surf lifeguards felt confident in both insertion and ventilation with the SGA. The belief in their own abilities may result in a greater likelihood of using the SGA during resuscitation and a greater chance of successful use. However, continuous practice to maintain sufficient skills and avoid incorrect use may be necessary. This may be one reason why it is an ongoing discussion about whether surf lifeguards should be trained and have permission to use SGAs in drowning resuscitation instead of the recommended pocket mask.[@CIT0011],[@CIT0019],[@CIT0020] A recent manikin study performed with Australian surf lifeguards evaluated their competence in the use of different airway techniques (pocket mask, bag-valve-mask, and two SGAs). They found that the use of SGAs was not superior compared with the pocket mask and bag-valve-mask and it was recommended that the pocket mask and bag-valve-mask should continue to be used as ventilation devices in drowning resuscitation by lifeguards.[@CIT0008] However, SGA may result in shorter (or no) interruptions in chest compressions and less aspiration during resuscitation, although this needs to be confirmed in a clinical study among surf lifeguards.

A proof-of-concept study evaluated the performance of a SGA (i-gel) used by medical students, non-anesthetist physicians, and allied health professionals, all unfamiliar with the SGA.[@CIT0021] This study showed high success rates for insertion of the SGA both in manikins (88% placed in first attempt) and in patients classified as American Society of Anesthesiologists (ASA) 1--2 and with normal Body Mass Index (BMI) (83% placed in first attempt). The study suggests that manikins and humans may be comparable regarding insertion of a SGA. However, nurse anesthetists (57%) in our study reported that SGA insertion in a manikin was easier compared with humans. In the future, human studies should address clinical relevant outcome measures in the comparison of SGA use versus the use of a pocket mask in drowning resuscitation.

Limitations of the Study {#S0004-S2001}
------------------------

The present study was a simulation study and extrapolation to humans should be taken with caution. In drowning, airway compliance may decrease, resulting in increased airway resistance and difficulties ventilating using a SGA, and failure to ventilate with SGAs in drowning victims have been reported.[@CIT0022] Furthermore, regurgitation may occur during drowning resuscitation,[@CIT0023] which was not simulated in our study.

Nurse anesthetists were recruited from only one hospital, in contrast to surf lifeguards, recruited from two lifeguard services. Even though the Danish hospitals and health-care system including training of nurse anesthetists are very homogenous, we cannot rule out that the skills of the nurse anesthetists may somewhat differ from other hospitals and health-care systems. Also, the simulation settings were different for the two groups to imitate each of the two groups' usual setting during airway management. The surf lifeguards may be disadvantaged compared to the nurse anesthetists as they had more psychomotor skills during testing, i.e. chest compressions. Surf lifeguards were tested right after the SGA training session and we cannot infer on their skill retention. Finally, this study was based on a convenience sample and no sample size calculation was performed.

Conclusion {#S0005}
==========

In a simulated setting, there was no significant difference between surf lifeguards and experienced nurse anesthetists in time to first ventilation when using a SGA. Surf lifeguards delivered a higher tidal volume, and a higher proportion of ventilations within guideline recommendations but generally ventilations caused visible manikin chest rise for both groups.
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[^1]: **Notes:** ^a^Two nurses were undergoing training to become nurse anesthetists. ^b^One nurse, 1 paramedic, and 1 emergency medical technician student. ^c^Missing data 2 nurses. ^d^Missing data 3 nurses.

[^2]: **Note:** ^a^Missing data 1 surf lifeguard.
